(Submitted for publication June 18, 1953 ; accepted July 23, 1953) Most observers have found that when circulating red cell volume is deduced from measurement of plasma volume and venous hematocrit a higher value is obtained than when the red cell volume is measured directly. It is widely believed that this is because the proportion of red cells in the blood in large vessels is higher than that in the body as a whole and various correction factors have been proposed. Some confusion arises because the venous hematocrit must be corrected on two accounts: firstly because, under standard conditions of centrifugation, some plasma is trapped in the red cell column of the hematocrit and thus the uncorrected reading over-estimates the proportion of red cells in the sample; when this correction has been applied one may speak of the "true" venous hematocrit. Secondly, this corrected venous hematocrit value still over-estimates the proportion of red cells in the circulating blood as a whole and must be multiplied by a factor of approximately 0.9 to give an estimate of "body hematocrit." Although these concepts are accepted by the majority of investigators, the precise rtobody hematocrit value of the ratvo u hematocrit is in doubt; venous hematocrit moreover it has been suggested that the ratio may be inconstant so that it cannot safely be used to deduce blood volume from an estimate of either red cell volume or plasma volume. Accordingly, it is generally held that the only reliable estimates of total blood volume are those based on separate measurements of both red cell volume and plasma volume.
If, in fact, the body/venous hematocrit ratio appeared to be inconstant, the inconstancy could arise either from a true physiological variation between different subjects, or from the effect of abnormal states of the circulation, or it might depend solely on some systematic error in the measurement of either red cell volume or plasma volume. If the observed difference between the body hematocrit and the venous hematocrit is due to the fact that blood in the small capillary vessels has a very much lower hematocrit than blood in large vessels, it is possible to conceive of only a very few conditions (see Discussion) in which a variation in the body/venous hematocrit ratio could be expected to occur. If on the other hand the observed discrepancy between body hematocrit and venous hematocrit depends upon a systematic error in measuring, for example, plasma volume, it can be calculated that the discrepancy should vary with the level of venous hematocrit. In fact very few observers have estimated the body/venous hematocrit ratio over a sufficiently wide range to test this. Mollison, Veall, and Cutbush (1) reported measurements in newborn infants covering the observed venous hematocrit range 19 to 70 per cent; they found the ratio to be constant over this range although the absolute value was a little lower than that previously described for normal adults. Similar studies in adults, over the hematocrit range 25 to 72 per cent have been reported (2-4); however, very few anemic subjects were included and no conclusions can be drawn as to the effect of anemia or polycythemia upon the constancy of the ratio.
The present paper reports twenty-eight simultaneous plasma volume and red cell volume measurements on adult subjects with hematocrits ranging from 9 to 82 per cent. The ratio of the body hematocrit to the venous hematocrit was found to be constant throughout this range. The paper includes a discussion of various factors which determine the value assigned to the ratio.
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METHODS

Subjects
Twenty-eight measurements were made on a group of nineteen subjects; two were normal volunteers, seventeen were patients (Table I) . Not more than two measurements were made on the same subject; generally the second measurement was made after some major change in hematocrit had occurred-for example, in a patient with polycythemia vera, before and after radiation therapy.
Plasma volume
Plasma volume was measured using the dye T-1824 (Evans Blue). All subjects had fasted for 12 Approximately 0.02 ml. of the injection solution was diluted in 3 ml. of pre-injection plasma, delivered from a calibrated 3 ml. pipette. The volume of injection solution was chosen to give a concentration of the dye in plasma essentially the same as that found in the initial postinjection blood sample. The small volume of injection solution was delivered from an "Agla" micrometer-syringe, with which very satisfactory precision can be attained (5) .
All samples were read in a photo-electric colorimeter using a deep red filter (combination of Ilford 803 and 205; [1] ).
When the dye concentrations were plotted against time it was evident that there was some variability in the dye disappearance curves in different cases; furthermore, it was often difficult to decide the best possible straight line to be drawn through the three points. It was considered that these variations and difficulties were largely the results of technical error and did not necessarily represent true variations in the individual subjects. Accordingly, the dye disappearance rates in all twenty-eight determinations were combined and a mean loss rate of 10 per cent per hour was found. In determining the dye concentration at zero time in each subj ect, the values for the 15, 30 and 45-minute blood samples (mean-30 minutes) were averaged and corrected for a 5 per cent loss of dye. Plasma volume was then calculated in the usual way by comparing the dye concentration at zero time with the dye concentration of the standard.
Red cell volume
Red cell volume was measured using a modification (6) of the radio-active phosphorus method described by Reeve and Veall (7) . With the modified method, in a series of duplicate determinations on ten normal males, the standard error of the difference between duplicate measurements was found to be 58 ml. (a coefficient of variation of 2.7 per cent) (6) . In preparing the radio-actively tagged cells for injection, the cells were washed in a mixture of 3 per cent of plasma in ice-cold saline (6) ; the "extracellular" radio-activity of the injection suspension was measured and was in all cases less than 1 per cent of the total activity of the suspension.
The washed PU-tagged red cells were injected about 30 seconds after completion of the injection of Evans Blue dye. Five ml. aliquots from the 15, 30, and 45-minute blood samples were used for the analyses of radio-activity.
The body hematocrit
The body hematocrit was calculated from:
Red Cell Volume Red Cell Volume plus Plasma Volume The venous hematocrit
The packed cell volume was determined using Wintrobe hematocrit tubes and a centrifuge having a radius of 15 cm. from the spindle centre to the bottom of the hematocrit tube. The tubes were spun for 30 or 55 minutes at 3000 r.p.m.; the longer time was used in the later cases after it had been shown that more consistent results could thus be obtained (8) . The observed packed cell volume (excluding the buffy coat) was corrected for plasma trapped in the red cell column, using the calibration curve appropriate to 30 minutes or 55 minutes centrifugation (8) . The corrected values are described as the "true" venous hematocrit.
Packed cell volumes were determined on the pre-injection sample and on the three post-injection samples.
In calculating the body/venous hematocrit ratio, the true venous hematocrit was taken as the mean of the true packed cell volumes on all four blood samples.
RESULTS
The results of a comparison of the body hematocrit with the true venous hematocrit (i.e., observed venous hematocrit corrected for trapped plasma) are shown in Table I, t-V- Figure 1 the body hematocrit is plotted against the true venous hematocrit. The relationship of the body hematocrit to the venous hematocrit over this range appears to be constant, the calculated regression line passing almost exactly through the origin.
DISCUSSION
There are still some workers (9) who believe that the discrepancy between the body hematocrit and venous hematocrit may depend upon a systematic error in the measurement of plasma volume. However it is unnecessary to postulate such an error for it seems likely, on theoretical grounds alone, that a discrepancy exists. For example it has been shown that blood streaming through fine tubes has a lower hematocrit than blood in large tubes (10) . In the body this phenomenon seems very likely to lead to a discrepancy between the venous hematocrit and the whole body hematocrit. The observation in the present paper that the body/venous hematocrit ratio is independent of the level of the venous hematocrit strongly suggests that there is no systematic over-estimate of plasma volume; for if there were, relatively high ratios would be obtained in polycythemic subjects and lower ratios in anemic subjects.
One piece of evidence which is valuable because it does not depend on plasma volume estimation is that from replacement transfusions. Veall and Mollison (11) found that the removal of red cells was more efficient than would have been expected if the venous hematocrit were representative of the distribution of red cells and plasma in the blood as a whole; the discrepancy could best be explained by supposing that the blood in the body as a whole Although most authors accept the concept of a body/venous hematocrit ratio, there remains some disagreement as to the value which should be assigned to the ratio (see Table II ). The differences shown in Table II are not in fact significant (at the level p = 0.05). Nevertheless, different workers are bound to assign slightly different values to the ratio due to lack of uniformity in the interpretation of data; this may be illustrated by the following two examples.
Estimation of the true venous hematocrit. Several factors will affect the value chosen for the true venous hematocrit. Firstly, it is the practice of some authors to include the white cell layer in their reading of the observed packed cell volume; this of course results in the reporting of lower values for the body/venous hematocrit ratio than when the buffy coat is excluded. Secondly, although most authors agree that the observed packed cell volume must be corrected for trapped plasma, there is considerable variation in the correction factor which is applied (13, 14) . The higher the correction factor used for the plasma trapped in the packed cell column, the higher will be the value obtained for the body/venous hematocrit ratio. A third factor of importance will be the choice of blood samples used for determining the venous hematocrit. In the present investigation, it was decided to use the mean packed cell volume of all four blood samples. However, as Reeve (15) has pointed out, when multiple small blood samples are withdrawn from a subject, there is sometimes a slight progressive fall in the packed cell volume of successive samples. A slight pro- gressive fall in the venous hematocrit was observed in eleven of the twenty-eight determinations included in this study; however this fall was less than one hematocrit division in all but two cases. The "fall" was greatest between the pre-injection and first post-injection blood sample. Since the venous stasis preceding the withdrawal of the preinjection sample was generally more pronounced than that preceding the post-injection samples, the "fall" in hematocrit may have been in part related to stasis. In any event, since the four blood samples generally showed very close agreement it was decided that a mean of the four values would be most representative of the -venous hematocrit at the time of the blood volume measuremnint. Table  III shows the effect upon the ratio of recalculating the data for the twenty-eight measurements, using the packed cell volume of the pre-injection blood sample alone. The interpretation of dye disappearance curves. When the dye concentration of successive samples is plotted against time, the slope is found to be -curvilinear, even when dye concentration is plotted on a logarithmic scale; the result of an actual experiment is shown in Figure 2 . To illustrate the effects of extrapolating back to zero time from points obtained relatively soon or late after the injection of the dye, a solid line has been drawn through the points obtained within the first 40 minutes after injection of the dye and an interrupted line through the points obtained between 40 and 80 minutes after injection. are likely to be fulfilled. For example it is likely that during prolonged oligemic shock, capillary blood flow is so radically altered as to disturb the normal body/venous hematocrit ratio. In some patients with severe anemia accompanied by massive splenomegaly, there may be a large enough volume of "concentrated" blood flowing through the spleen to produce a body/venous hematocrit ratio close to 1.0 (17) . However, massive splenomegaly by itself will not raise the body/venous hematocrit ratio in the non-anemic individual, presumably because the spleen's ability to concentrate blood is limited. For example, in the present series, there were twelve patients with moderate or gross splenomegaly, only one of whom was anemic; the average body/venous hematocrit ratio in these twelve patients was 0.909, that is to say, almost precisely the same as that of the whole series. Finally, it has been suggested (18) that in patients with congestive cardiac failure, the measurement of plasma volume by the dye method may be seriously in error. If this is true it seems best in this condition to deduce total blood volume from a measurement of red cell volume alone, using a standard correction factor for the body/ venous hematocrit ratio.
The fact, demonstrated clearly by the present data, that the body/venous hematocrit ratio does not vary with the venous hematocrit is of considerable importance. It implies that if a worker standardizes his conditions of measurement and determines the value for the body/venous hematocrit ratio under these conditions, he may then proceed with confidence to use this value to deduce total blood volume from a measurement either of red cell volume or plasma volume alone. Alternatively, using the conventions described in the present paper, the value of the ratio may be assumed to be 0.91.
The method of estimating blood volume is then as follows: The observed venous hematocrit is corrected for trapped plasma (8) and then multiplied by 0.91 to obtain the "body hematocrit" (BH). Blood volume is then given by: 100 Red cell volume X BH or Plasma volume X 100-BH SUMMARY The ratio body hematocrit has been estimated venous hematocrit in adults over the observed venous hematocrit range 9 to 82 per cent and found to be constant (twenty-eight measurements). The value for the ratio was 0.910 with a standard deviation of 0.026. It is pointed out that the exact value assigned to this ratio depends to a small extent on interpretation, but that this does not affect its usefulness in deducing blood volume from a measurement of red cell volume or plasma volume alone.
